Effects of seven breeds of cow's sire and 12 breeds of cow's maternal grandsire on preweaning performance of crossbred cows and their calves were examined in data from two experiments conducted at the Roman L. Hruska U.S. Meat Animal Research Center. Data included 1,836 records over three to five parities for 516 cows by 143 sires and by 307 maternal grandsires. The statistical model fitted effects of calf sex, parity, cow birthbreeding year or cow-calf birth year, the breed effects and their interactions. Deviations of breed of sire or equivalent grandsire effects on each trait from the mean for Hereford x Angus cows ranged from -1.6 to 5.5 kg (P < .001) for calf birth weights, -15 to 1% (P e .001) for calving difficulty, nonsignificant for preweaning calf mortality and -2 to 27 kg (P < ,001) for calf weaning weight. Deviations were nonsignificant for conception rate and calves weaned per cow exposed to breeding, but -2 to 40 kg (P < .W1) for calf weight weaned per cow exposed for breeding, -7 to 78 kg (P < .001) for cow weight and -20 to 2% (P < .001) for body condition score. The advantages of Holstein and Brahman cross over Hereford x Angus cows of 23 and 13% in weight of calf weanedkow-breeding exposure must be compared with the expected greater feed requirements from 7 or 8% heavier cows and at least 50% higher milk production, which emphasizes the need to include input measures and costs in breed evaluation schemes.
estimate effects of breed of sire and maternal grandsire on the viability, growth and body composition of all progeny and on the reproductive and maternal performance of female progeny. Representative sampling of a large number of sires from each breed was attempted. Evaluations were based on crosses with Hereford and Angus cows, using Hereford x Angus reciprocal crosses as the common control for successive cycles evaluating different sets of breeds (GPE, 1980) . Results have been presented for 11 breed of sire effects on crossbred calf and cow performance in the first two cycles by Smith et al. (1976) , Gregory et al., (1978) and Notter et al. (1978a,b) and have been summarized by Cundiff et al. (1986) .
The 11 breed types of first-cross females produced in cycles I and 11 were mated to sires of five other breeds to produce three-breed crosses. The purpose of the present andysis was to compare effects of Brahman, Devon, Holstein, Brangus, Santa Gertrudis, Hereford and Angus sires and of the 11 breeds of maternal grandsire on the preweaning performance of these three-breed crossbred cows.
Materials and Methods
Experimental Data. Data analyzed were for the three-breed crossbred cows produced in phase 3 of cycles I and I1 of the Germ Plasm Evaluation Program at Roman L. Hruska U.S.
Meat Animal Research Center (Table 1) . The base population of Hereford and Angus cows was purchased as weaned heifer calves from commercial farmers in Nebraska. These were mated to produce the two-breed-cross heifers, using semen from 20 to 35 bulls per breed for the Hereford, Angus, Charolais, Jersey, South Devon, Limousin and Simmental in cycle I, and from 11 to 20 bulls per breed for Hereford, Angus, Red Poll, Brown Swiss, Gelbvieh, Maine-Anjou and Chianina in cycle 11. Beginning at average ages of about 14 mo, these two-breed-cross females were bred during a 46-d period, using semen from 12 to 27 bulls per breed for Hereford, Angus, Brahman, Devon and Holstein in cycle 1 and from 13 to 14 bulls per breed for Hereford, Angus, Brangus and Santa Gertrudis to cycle 11. These matings produced the 302 three-breed crossbred cows born in 1972, 1973 and 1974 for cycle I and the 214 born in 1975 and 1976 for cycle 11. Note that straight-bred Hereford and Angus females also were produced in phase-2 of both cycles and mated to produce contemporary Hereford x Angus reciprocal crossbred phase-3 cows. Management of the phase-2 cows and of their phase-3 progeny was reported by Smith et al. (1976) and by Notter et al. (1978ab) .
All phase-3 females of cycle I were bred by natural service to Red Poll bulls from early June to the end of July in 1973 through 1977, beginning at 14 mo of age. Phase-3 heifers of cycle I1 similarly were bred by natural service to Shorthorn bulls in 1976 and 1977, but as older cows, they were bred naturally to 7/8 Simmental bulls in 1977 through 1980. Pregnancy diagnosis was determined by rectal palpation approximately 60 d after breeding. All cows and heifers diagnosed as not pregnant were culled from the breeding herd. Live weights and body condition scores (9 = very fat to 1 = very thin) of cows were estimated in October, 1 to 8 wk after weaning of calves and(or) at pregnancy checking, depending on the year.
The cows were maintained on bluestem grass pasture during the warm season, on brome grass pasture during the cool season and on corn silage and haylage in winter. Calving was from early March to early May. All cows were observed closely at calving and assisted when necessary. All calvings were scored 1 for assisted (using calf jack or cesarean section) or 0 for unassisted (none or minor hand assistance). All calves were weighed at birth and male calves were castrated. Calves were allowed to suckle and graze with their dams. No creep feed was supplied. Calves were weaned and weighed at an average age of 194 d. Calf mortality from birth to weaning was recorded by age of calf. The phase-3 cows were all sold after pregnancy diagnosis and weighing in 1977 for cycle I and in 1980 for cycle 11; hence, calving data were not recorded for the last year (Table 1) .
Statistical Analysis. Traits were analyzed using four linear models. All models included fixed effects of breed of cow's sire (SC) and of cow's maternal grandsire (SD) and the SC x SD interaction. Because birth year of cow and calf were completely dependent, within parity, these effects were combined into cow-calf year (CCY) and included with calf sex in models 1 and 2 for calf traits (birth weight, calving difficulty, calf mortality and measures of preweaning growth). Similarly, year of cow birth and breeding were combined as cow birth-breeding year (CBY) in models 3 and 4 for cow uaits (conception rate, weaning rate, weight of calf weaned per cow bred, weight and body condition score of cows).
Interactions of breed effects with cow age + 1/2 + 1/2 gy' + hy' . Note that values for E S i are one-half those for E S,, except for the possible grandmaternal additive ( gy' ) and heterosis ( h y ' ) effects. To permit easier comparison, deviations from H.A and their standard errors for breed of cow's maternal grandsire ( Sy ) were doubled to make them more nearly equivalent to genetic effects for breed of cow's sire, keeping in mind that this also doubles any grandmaternal (M') effects on calf performance. The fact that cycle-11, phase-3 females were bred to Simmental bulls after first parity may have increased the scaling of breed of cow differences in calf growth for cows sired by Brangus and Santa Gertrudis vs Brahman, Devon and Holstein bulls.
with breed heterosis effects (h' or h 9 ) relative
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Results
Error mean squares and F-ratios for sources of variation in cycles I and I1 are presented in Table 2 for calf traits and in Table 3 for cow traits. The corresponding mean deviations of breeds from H.A are shown in Tables 4 and 5. Birth Weight. Mean birth weight was 36.3 f .14 kg. Effects of parity and calf sex were large (P < .001) in both cycles I and 11. Birth weight increased more from parity 1 to 3 in cycle 11 than cycle I (5.4 vs 3.6 kg) because of the change in breed of calf's sire after first parity in cycle 11. Male calves averaged 2.2 kg heavier than female calves at birth. Effects of breed of cow's sire (SC) were larger than those of cow's maternal grandsire in cycle 1 (SD, P < .001 vs < .Ol): there was no SC x SD interaction. All breed deviations in birth weight from H-A (Table 4) were positive except for Brahman and Jersey. Positive maternal grandsire breed deviations in descending order were Gelbvieh, Chianina, Brown Swiss, Red Poll, Charolais, (P < .001), Maine Anjou (P < .IO) and Simmental (P< .01). Those for breed of cow's sire were positive for Holstein (P < .001) and Santa Gertrudis (P c .05) but negative for Brahman (P < .001). Other breeds did not differ significantly from Hereford x Angus. The lighter birth weight for calves from Brahmansired cows (P < .001) agrees with results reported by Robertson (1985) and McElhenney et al. (1985) . Significant breed deviations from H.A in calf birth weight were associated rather closely with mature body weight ( Figure I) , except for the well-known negative maternal effect on prenatal development for Brahmansired cows (McElhenney et al., 1985) and the strong positive grand-maternal effect of the Red Poll breed in this experiment. Although based on much smaller numbers and a 1/4 relationship, breed rankings as maternal grandsire for cow size and calf birth weights agreed reasonably well with their ranking as breed of cow's sire reported by Cundiff et al. (1986) .
The interaction of parity with breed of cow's sire in cycle I (P < .IO) arose from the greater increase in bxth weight from first to later parities for Devon and H.A than for the heavier Holstein or lighter Brahman calves.
The similarly small interaction (P < .IO) of parity with breed of cow's dam arose from less increase in birth weight with parity for Limousin than for other grandparent breeds.
Calving Dijj"icu1ty. Effects of calf sex and parity on percentage of difficult (assisted) births were large (P < .01) in both cycles; year effects were large (P < .001), but only in cycle 11. Calving difficulty with male calves averaged twice that with female calves (23.28 vs 9.8% (P < .001). Breed of cow's sire was important (P c .01) only in cycle I. Sampling errors were too large for significance of maternal grandsire breed effects, and these are omitted in Table 4 . Calving difficulty was highest in first-parity cows and sharply lower in subsequent parities (P < .OOl), except for the low calving difficulty of Brahman-cross cows (P < .05) at first calving associated with their small calf size relative to cow size ( Figure 1) .
The nearly significant (Table 2 ) negative regression of calving difficulty score on genetic H-A grandmaternal effects in cycle I (b = -4.3 f 2.3%,) suggested that calving difficulty was lower for 1/4 Hereford than for 1/4 Angus cows. Similarly, Notter et al. (1978a) also estimated slightly less calving .05. **P < .01. *** P c ,001.
difficulty for 1/2 Hereford than for 1/2 Angus mothers. Deviations for breed of cow's sire from H.A were all negative except for Brangus. However, only the negative deviations for Brahman (P < .OOl) and Santa Gertrudis (P < .01) were large relative to error ( Table 4) . The low calf birth weights as a percentage of cow weight for Brahman-cross cows (7.1% vs 8.1 for H.A) may be partly responsible for their low incidence of calving difficulty. However, the reduced calving difficulty for both the Brahman and Santa G e m d i s crosses also may be partly related to pelvic structure common to Zebu-derived breeds.
Total Calf Mortality to Weaning. As expected for lowly heritable traits and estimates based on limited numbers, most effects on calf mortality were nonsignificant (Table 2) . Only effects of parity in cycle I (P < .lo) and of calf sex in cycle I1 (P < .05) approached significance. Calf mortality was highest (14%) in calves from first parity and decreased to about half (7%) in subsequent parities. Mean mortality for the two cycles was 10.0 It 1.6%. In cycle 11. total mortality was 14.9% for male vs 6.2% for female calves. Because most losses of male calves occurred between birth and 72 h of age, the higher incidence of calving difficulty for male than female calves (24 vs 10%) probably conmbuted to their higher mortality. Because neither effects of the breed of cow's sire nor maternal grandsire approached significance, no estimates of breed deviations from H-A are shown in Table 4 . (bI) and maternal (h) genetlc fracuons. +P < 10, * P < 05, **P < .01. ***P <%I.
Weaning Weight and Preweaning Daily
bBreed of cow's maternal grandsire.
Gain. Effects of calf sex, parity, CCY and breed of cow's sire all were large (P c .001) for calf preweaning growth traits in both cycle I and 11, except for sex effects on relative growth rate and for CCY and SC effects on relative growth in cycle 11. Breed of maternal grandsire effects were relatively small (P < .01 or .05) and SC x SD interactions were important (P < .01 or .05) only in cycle I.
Overall, means were 212 f 1.0 kg for calf weight at weaning and 860 f .4 g for preweaning daily gain. Preweaning growth increased linearly from parity 1 to 4. Male calves were 11.5 kg heavier than females at weaning. Breed of cow's sire affects preweaning growth of calves through both genetically transmitted and maternal milk effects. These effects are diluted by half in the grandmaternal breed influences, but additional grandmaternal effects on cow's milking ability may be Table 5 ).
Deviations also were large for Brahman, Gelbvieh, Brown Swiss and Simmental and smaller but highly significant for Santa Gertrudis and Brangus. The values for Brahman may be inflated by relatively greater heterosis in both individual and maternal effects for Bos indicw x Bos taurw than for other breed crosses (Cartwright et al., 1964; Koger et al., 1975) . To a lesser degree Brangus and Santa Gertrudis also may have benefited from such heterosis.
Holstein and Jersey breeds were included in these experiments to evaluate the role of high milking ability in crossbred beef cows. Aithough maternal effects of 114 Jersey-cross cows were expected to be somewhat superior (Smith et al.. 1976 ), but also to the known adverse effect on the cow's milking ability from being reared by high milking (1/2 Jersey) dams (Koch, 1972) . Brown Swiss and Gelbvieh maternal grandsire effects on cows also included such adverse rearing effects of high-milking dams on cow's maternal influence on calf growth (Smith et al., 1976) but were helped by their greater transmitted growth potential. Cows sired by the high-milking Holstein and Brahman breeds (Cundiff et al., 1986) were not handicapped in mammary development from being reared on high-milking dams, and thus they benefited from strong positive deviations in both maternal and transmitted effects on calf growth to weaning. The general superiority of most other breeds over H.A for preweaning calf growth was attributed to joint individual, maternal and grandmaternal effects, depending on their evaluation as breed of cow's sire or maternal grandsire. The grandmaternal rankings in Table 4 agree reasonably well with the rankings of these breeds as sire of cow (Cundiff et al., 1986) . Note that relative growth rate (%/d) of calves was superior to H.A only for cow's sired by high-milking Holsteins, or by the Bos indicus-derived Brahman, Brangus and Santa Gertrudis breeds. The small birth weight and rapid preweaning gain made percentage daily gain especially high for calves from Brahmancross cows.
Conception Rate. Effects on conception rate were detected (Table 3 ) only in cycle I1 for cow birth-breeding-year (P < .01) and its interactions with breed of cow's sire (P < .OS) and with maternal grandsire effects in cycle I (P < .001). Mean conception rate was high (94 f l.l%), so differences among breeds were difficult to detect with the limited numbers per breed group (Table 5 ). The heterosis expected for this trait in crossbred cows (Cundiff, 1970; Long, 1980) contributed to the high means observed in this study, as did the policy of culling all open cows. The rankings for breed of maternal grandsire (omitted from Table 5 ) were much more variable than those for the same breeds used as cow's sire reported by Cundiff et al. (1986) .
Weaning Rate. Weaning rate was mean percentage of calves weaned from total number of parity exposures to breeding, the product of the nonsignificant variation in conception rate and calf survival to weaning. Mean weaning rate was 82 f 2.2%. Thus, it is not surprising that all effects on weaning rate were nonsignificant except the 8% deviation from H.A for Holstein-sired cows (Table 5 ). Because of their large sampling errors, the estimated deviations for breed of maternal grandsire were omitted from Table 5 .
Weight of Calf Weaned per Cow Exposure to Breeding. Mean weight of calves weaned per cow exposed to breeding combines weaning rate and weighvcalf weaned. Only effects of cow birth-breeding year and breed of cow's sire in cycle I were large enough for significance because of the large sampling errors for weaning rate, especially of the maternal grandsire breeds. The interaction between breeds of cow's sire and maternal grandsire approached significance ( P = .lo) in both cycles. Overall mean weight of calf weaned per cow exposed was 170 f 3.4 kg.
Deviations of breed effects from H.A were large and positive (P < .05) only for Holstein (40 kg) and Brahman (21 kg). The high productivity of 1/2 Holstein or 1/2 Brahman cows was associated with their high preweaning calf growth (Table 4 ) plus the superior weaning rate for Holstein (Table 5) . The large positive maternal grandsire deviations for calf weaning weights of Red Poll, Brown Swiss, Gelbvieh and Simmental (Table 4) agree with the sire of cow deviations for the same breeds reported by Cundiff et al. (1986) , but estimated deviations in weight of calf weanedkow exposure are omitted because of their large sampling errors. The small breed of cow's sire deviations from H.A reported for weaning rate by Cundiff et al. (1986) for these four breeds would make them rank at least equal to H.A for weaning weight per cow exposure. Cow Weights. Effects on cow weight of parity, CBY, breed of cow's sire and maternal grandsire in both cycles, and the interaction between sire and grandsire breeds in cycle I, all were highly significant ( Table 3 ). The overall mean of cow weight was 453 f 1.5 kg. Average cow weights across all breeds increased asymptotically with age in parities 1 to 4 from 381 to 442 to 484 to 506 kg.
Breed deviations from H.A in cow weight (Table 5) were positive and highly significant, except for Jersey, Red Poll, Limousin and Angus. These largely positive breed of sire and maternal grandsire effects are attributed to higher individual genetic effects on growth and mature size. The grandsire breed deviations agreed reasonably well with those based on larger numbers for sire of cow as reported by Cundiff et al. (1986) .
Scores for Body Condition. Effects of parity, year, breed of sire and maternal grandsire on cow body condition score all were significant (Table 3) . lnteractions of sire breed with maternal grandsire breed effects also were significant in cycle I, as were those of year/parity with sire breed in cycle I and with grandmaternal breed in cycle 11. Both individual and maternal genetic regressions on the H-A difference were significant in Cycle I, but only the regression for individual genetic effect was significant in Cycle 11. Overall mean score was 6 f .3 units. Condition scores were highest in nonlactating heifers and then remained almost constant at a lower level for cows after weaning in subsequent parities. Deviations of breed effects from H.A were negative and significant for all breeds except Brahman, Devon, Charolais and Simmental. Largest negative deviations were associated with the high milking potential of Holstein (-1.0) and the draft type of Chianina (-1.3) . The positive and significant regressions on H-A individual genetic effects (.45 i .14 in Cycle I and .35 i .18 in Cycle 11) possibly were associated with the lower milking ability and greater deposition of subcutaneous fat of Hereford vs Angus crosses. Higher-producing cows have been reported to lose more body weight and condition during lactation (Spelbring et al., 1977) , thus contributing to the negative deviations from H.A for many of the breeds in this study.
Discussion
Breed effects evaluated here were based on samples of 12 to 14 sires each of Devon, Holstein, Brahman, Brangus and Santa Gertrudis breeds compared with those based on 21 Hereford and 27 Angus sires, for performance of their three-breed-cross daughters. Deviations from mean of H-A reciprocal crossbred cows ranged from 0 to 13% higher for calf weaning weights and +1 to -15% for difficult calving and -5 to 23% for weaned calf output/ cow exposed for breeding, but deviations for cow weights were 2 to 8% higher, cow condition scores after weaning up to 16% thinner and milk production 50% higher (for Brahman crosses, Cundiff et al., 1986) . Sampling errors were too large for reliable rankings on conception rate, calf mortality and calf crop weaned, which reduced accuracy of ranking for weaned calf output per cow exposure. Deviations of the 10 other breeds from H-A as sires of cow's dam ranged from 0 to 13% for calf weaning weight, -2 to 18% for cow weight, -1 to -20% for cow condition score (Tables 4 and  5 ) , and from -1Q% for Limousin and Charolais to 51% for Jersey milk production as breeds of cow's sire (Cundiff et al., 1986) .
These breed effects on cow performance only suggest the direction of deviations from H.A in the efficiency of weaned calf production, because the corresponding effects on feed inputs were not measured. Effects of body size on cow maintenance feed generally are expected to be roughly proportional to the 3/4 power of live weight. Higher levels of milk production are associated with greater cow maintenance requirements per unit of metabolic body weight (Ferrell and Jenkins, 1984; Jenkins et al., 1986; Taylor et al., 1986) . There also may be differences in maintenance requirements associated with proportions of lean tissue (Pullar and Webster, 1974; Old and Garrett, 1985) and of visceral vs carcass lean mass (Lobley and Reeds, 1980; Koong et al., 1982; Tess et al., 1984) . Some evidence of lower metabolic rate in Bos indicus than in Bos faurus cattle has been reported by Frisch and Vercoe (1976) , which may affect Bos indicus x Bos taauruci crosses. Cundiff (1984) has discussed some of the trade-offs in Characteristics of beef breeds as they affect both output and inputs. Davis et al. (1983) and Cundiff et al. (1985) have reported actual feed inputs and calf outputs during lactation for breeds differing in body size, milk production and body composition.
If we assume that annual feed intake for reproducing, lactating H.A crossbred cows is partitioned 73% for maintenance, 20% for lactation and 7% for gestation (Jenkins and Ferrell, 1985) , the minimum expected increase in annual feed required for the larger, higher milking types of cows in this study can be predicted roughly from their ratio to H.A for metabolic size (~t .~~) , milk output (Cundiff et al., 1986) and calf birth weights. For example, feed required for the 1/2 Brahman cows relative to H-A = 100 would be 73 (1.06) + 19 (1.49) + 8 (.96) = 113, or 13% more, compared with their 13% higher output of weaned calf/ cow exposure. The same calculations for 1/2 Holstein cows would predict feed intake at least 114% of that for H.A cows compared with their 23% higher weaned calf output/cow exposure. These estimates of input ignore the expected higher maintenance requirements/ ~t~~ reported for cows of genetically higher milking ability and(or) greater lean mass by the several investigators cited. Such examples emphasize the importance of measuring inputs as well as outputs when comparing alternative breeding stocks and systems of beef production. Tentative estimates for expected rankings of these breeds of cow's sire and maternal grandsire for output value over input costs were highest for Hereford-Angus crossbred cows (Setshwaelo, 1986) .
Implications
Brahman, Devon, Holstein, Brangus and Santa Gemudis breeds of cow's sire and 10 other breeds of cow's maternal grandsire were compared with Hereford x Angus (H.A) for crossbred cow productivity. Breed deviations from H-A ranged from 0 to 13% for calf weaning weight, 1 to -15% for calving difficulty and -5 to 23% for weaned calf output/cow bred. However, these deviations ranged from -2 to 18% higher cow weight, -1 to -20% thinner cow condition score after weaning and -10 to 50% higher milk production. Cows of breed crosses with highest weaned calf output also were largest and highest in milk production and are not expected to be better than H-A in ratio of output to input.
